Abstract. The production of lettuce, a cool-season leafy vegetable, in high tunnels the year around is a challenge for growers in subtropical regions. The aims of this research were to characterize the growth of locally grown lettuce cultivars, develop a new high-yielding cultivar by crossing romaine-type lettuce 'Jhih Li Wo' and Batavia type lettuce 'Fu San', and determine the relationships between climatic variables, temperature, and daylength, and days to harvest for maximum marketable yield (DMMY) in individual cultivars in high tunnels. Nine cultivars were grown in high tunnels in the spring and winter of 2008 and summer of 2009 to evaluate growth and maximum marketable yield (MMY), the latter being defined as the aboveground fresh weight of 5 ± 0.7 cm of plant stem. Romaine lettuce 'Jhih Li Wo' had a higher growth rate during the initiation of plant growth in the spring of 2008. 'Jhih Li Wo' and Batavia lettuce 'Fu San' also showed higher growth rate before harvest for the MMY (GRBHD) and exhibited higher MMY and DMMY than butterhead lettuce and leaf lettuce cultivars under summer and winter regimes. However, landraces of leaf lettuce are the main lettuces grown in high tunnels in summer rather than 'Fu San' and 'Jhih Li Wo' due to their needing fewer DMMY and having a more upright growth form. Among nine cultivars studied, Batavia lettuce 'Fu San', romaine lettuce 'Jhih Li Wo', and landrace 'Bai Yeh Wo' were found to be more adaptable to summer weather. Genotypes with superior growth and yield traits are essential for not only production but also breeding. A new cultivar, Taoyuan No.3, was developed by introducing the high growth rate trait during the initial period of plant growth from romaine lettuce 'Jhih Li Wo' into high-yielding Batavia lettuce 'Fu San'. Another experiment was performed over eight successive seasons to analyze the correlation of temperature and daylength on DMMY for each cultivar using multiple regression analysis from 2008 to 2009. This showed that the proposed models expressed as coefficients of multiple determinants (R 2 ) accounted for 72% to 91% of the total variation in DMMY in each cultivar. Temperature affected DMMY the most and the relative contributions of temperature and daylength to DMMY differed with cultivar. These results provide information about production practices for growers in subtropical regions to use in choosing suitable lettuce cultivars.
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Lettuce (Lactuca sativa L.) is a major freshly consumed vegetable and commonly used in salads worldwide (Mou, 2008) . In Taiwan, lettuce is one of the most important leafy green vegetables and is primarily consumed cooked. The production of lettuce has increased in recent years due to it having fewer pests and diseases than other leafy vegetables grown under local hot and humid climates. This is especially true for production in high tunnels, which provide rain shelter, wind protection, and temperature moderation during severe weather conditions (Lamont, 2009; Lamont et al., 2002; Reeves and Drost, 2012) . High tunnels exclude some insect pests (Lamont, 2005) and reduce foliar diseases via rain protection (Orzolek et al., 2004) . Through lower disease and pest incidence and improved disease and pest management, high tunnels enhance yield and crop quality Lamont, 2005; Waterer, 2003; Wells and Loy, 1993) . Air and soil temperatures in high tunnels are higher than in adjacent fields, allowing crops to be planted early, mature faster, and even overwinter in some climates (Both et al., 2007; Kadir et al., 2006; Lamont, 2005; Rader and Karlsson, 2006; Reiss et al., 2004) . However, the raised temperatures under high tunnels during warm seasons in subtropical regions can increase the possibility of premature bolting in lettuce. Bolting, the transition from vegetative growth to reproductive growth, begins with visually accelerated and sustained rapid elongation of the stem (Waycott, 1995) . Bolting is initiated by long photoperiods (Bremer, 1931; Rappaport and Wittwer, 1956a; Wiebe and King, 1985) or high temperatures (Fukuda et al., 2009; Thompson and Knott, 1933) , and is accelerated by high temperatures (Rappaport and Wittwer, 1956b) . Rapid elongation of the lettuce stem represents the end of its marketability and severely affects yield and quality. Higher temperatures enhance rapid stem elongation (Fukuda et al., 2012; Rader and Karlsson, 2006; Zhao et al., 2003) , hence lettuce grown in high tunnels bolts more quickly. Moreover, there is great variation among cultivars (Zhao and Carey, 2009 ). The response in lettuce growth to temperature depends on cultivar (Al-harbi, 2001 ). Some effects of environment on premature bolting by genotype were reported for crisphead lettuce (Jenni and Yan, 2009 ).
Premature bolting is accelerated by heat and long photoperiods. Therefore, to improve lettuce marketing and production management, models developed for predicting harvest dates based on weather variables are reported by Dufault et al. (2009) , Harwood et al. (2010) , Kristensen et al. (1987) , and Wur et al. (1992) . Dufault et al. (2009) determined the effect of diverse field temperature regimes on the quality of six commercial romaine lettuce cultivars with 22 field plantings over a 3-year period and were able to precisely predict yield and head quality. The accurate prediction of harvest dates would minimize economic losses for growers and retailers (Harwood et al., 2010) and enable growers to schedule plantings and harvests better.
Driven by consumers' great demand for local leafy green vegetables the year around, growers in Taiwan are increasingly interested in organic and conventional lettuce production in high tunnels. Because of the local subtropical climate, with its longest photoperiod being 13 h and 40 min, year-round producers should select appropriate cultivars depending on planting season to avoid yield losses from bolting. In addition, cultivars with higher growth rates allow farmers to increase their multiple cropping indexes in high-tunnel production, thus increasing and stabilizing profits. Therefore, this research aims to characterize the growth of commonly grown subtropical lettuce cultivars in high tunnels during all four seasons of the year to a) confirm the feasibility of developing a new high-yield, high-growth cultivar and b) determine the relationships between climatic variables, temperature, and daylength, and the number of DMMY so that growers can predict the number of days to grow for MMY. This will also assist growers in choosing appropriate cultivars according to climatic conditions.
Materials and Methods
Plant materials and cultural practices. Nine cultivars commonly grown in Taiwan representing four types of lettuce (leaf, butterhead, romaine, and crisphead subtype Batavia) were used for experiments. Seeds of leaf lettuce 'Huang Wo' and 'Jian Wo' were obtained from local farmers. Seeds of leaf lettuce cultivars Bai Yeh Wo, Chien Yeh Wo, and Yuan Yeh Wo plus romaine lettuce 'Jhih Li Wo' and Batavia lettuce 'Fu San' were obtained from Hsin-Sher Seed Co. Seeds of leaf lettuce 'Grand Rapids TH' were obtained from Known-You Seed Co. Seeds of butterhead lettuce 'Bibb' were obtained from Johnny's Selected Seed. Apart from 'Grand Rapids TH' and 'Bibb', all other cultivars were landraces. Among the nine cultivars studied, 'Fu San' is currently the most popular, 'Bibb' is widely grown in plant factories, and romaine lettuce 'Jhih Li Wo' is cultivated as a leaf lettuce in Taiwan.
Seeds of lettuce cultivars used for all experiments were sown into 128-cell trays containing BVB 7A medium (Bas Van Buuren, Visser, Netherlands) in a temperature-regulated high tunnel. Thereafter, seedlings with three true leaves were transplanted into 85-cm-wide quadruple-row beds with commercial spacing of 20 cm between plants and 20 cm between rows in high-tunnel experiments or into 12.5-cm red plastic pots filled with BVB 6D growth medium (Bas Van Buuren) in growth chamber experiments. In high-tunnel experiments, lettuce plants were grown under local commercial management practices. Sprinkler and furrow irrigation were applied during early and late stages of experiments, respectively. In growth chamber experiments, each plant was irrigated by hand once daily with 100 mL of tap water and fertilized once biweekly with 200 mg · L -1 of a 20N-8.7P-16.6K water-soluble fertilizer (Nagata, 1992) . Following the cross, modified single-seed descent (Fehr, 1987 ) method was applied from F 2 to F 6 generation and elite lines were selected at F 6 for further evaluation. 'Taoyuan No.3' was developed based on the performance in the field trials. 'Taoyuan No.3' and its parents were used to evaluate plant growth under high-tunnel conditions. Seeds of 'Taoyuan No.3', 'Jhih Li Wo', and 'Fu San' were sown on 22 Feb. 2013 and seedlings were transplanted on 14 Mar. 2013 in high tunnels following local commercial growing methods. A randomized complete block design was applied with four replicates. Five plants selected per plot at 7-d intervals from 14 DAT were evaluated for aboveground fresh weight and stem length. During the experimental period, the average daily maximum temperature, minimum temperature, and mean temperature were 25.1, 14.6, and 19.8°C, respectively. Daylength ranged from 12 to 13 h.
Contributions of temperature and daylength to yield under high-tunnel conditions. Experiments were conducted in high tunnels during eight successive seasons from 2008 to 2010. Seeding dates, transplanting dates, and mean daily temperatures were shown in Table 1 and followed local commercial growing methods. Various planting seasons represented the various temperature regimes. The mean daily temperature from planting to harvest was measured and considered as the temperature treatment in this experiment.
Photoperiod treatments consisted of a short-day period (SD, 10 h), a mediumlength day period (MD, 13 h), and a long-day period (LD, 15 h). The short photoperiod was provided by covering plants with black cloth at 5:30 PM and removing the black cloth at 7:30 AM the next morning. Medium and long photoperiods were achieved by providing supplemental light from 5:30 AM to sunrise and from sunset to 6:30 PM for MD treatment or 8:30 PM for LD treatment. Supplemental light controlled by timers was applied by 500-W fluorescent bulbs with light intensity of 11.3 mmol · m -2 · s -1 . The experimental design was a split-split plot (Montgomery, 1984) with four replicates. Planting seasons representing growing temperature regimes were assigned to main plots, daylength regimes to subplots, and cultivars to subsubplots. Harvest dates were recorded when plant stem lengths reached 5 ± 0.7 cm and DATs to harvest for each cultivar calculated to evaluate the DMMY.
Effects of temperature and daylength on stem growth in growth chambers. Four cultivars (leaf lettuces Jian Wo and Chien Yeh Statistical analysis. All data collected from high-tunnel and growth chamber experiments were analyzed using the PROC GLM procedure of SAS (SAS Institute, Cary, NC), and means were separated by Fisher's least significant difference test at the 5% level of probability. Pearson's correlation analysis was used to identify the relationship between MMY and DMMY. Multiple linear regression analysis was used to analyze the differences among cultivars in the sensitivity of the DMMY of lettuce plants to temperature and daylength. The relative contribution of temperature and daylength to DMMY was determined using standardized partial regression coefficients and the overall strength of the relationships was quantified with multiple correlation coefficients. All graphs were constructed by Sigmaplot 9 (Systat Software, San Jose, CA).
Results and Discussion
Plant growth and yield in high-tunnel experiments. Among the nine cultivars studied, romaine lettuce 'Jhih Li Wo' exhibited higher aboveground fresh weight than other cultivars until 33 DAT, and Batavia lettuce 'Fu San' exhibited the lowest aboveground fresh weight on all sampling dates. Stem length in all cultivars studied reached or exceeded the stage of MMY at 33 DAT except for 'Fu San', which reached it on 44 DAT. Meanwhile, the MMY in 'Fu San' was higher than in the other cultivars (Fig. 1) . Thus, 'Fu San' exhibited the highest DMMY and MMY among all cultivars. Moreover, 'Jhih Li Wo' had a higher growth rate during plant growth initiation and 'Fu San' grew more slowly than other cultivars during their entire spring growth.
Yields during Winter 2008 and Summer 2009 were significantly different among planting seasons, cultivars, and their interactions for MMY, DMMY, and GRBHD as evidenced by highly significant effects on the model (Table 2 ). All cultivars studied showed the same increasing trend over the two seasons. The MMY and DMMY in all cultivars studied under winter conditions were significantly higher than in plants grown in summer, ranging 192.3% to 442.4% and 196.8% to 274.7%, respectively. The GRBHD of all cultivars grown in winter was also significantly higher than in plants under summer conditions except for 'Huang Wo' and 'Bai Yeh Wo', which were not significantly different between summer and winter ( Table 3 ). The effects of cultivar choice on MMY, DMMY, and GRBHD were significantly affected by planting season. The MMY, DMMY, and GRBHD of nine lettuce cultivars ranged 26.9-57.7 g/plant in summer and 74. .3 g/plant in winter, 18.2-27.1 DAT in summer and 43.5-62.0 DAT in winter, and 1.37-2.50 g · d -1 in summer and 1.72-3.20 g · d -1 in winter. The MMY in 'Fu San' was significantly higher than in all other cultivars over two seasons, and the lowest MMY was obtained in butterhead lettuce 'Bibb'. There were no significant differences among Bibb, leaf lettuce Jian Wo, Chien Yeh Wo, and Grand Rapids TH cultivars during summer. However, due to the obviously higher relative increase in MMY during winter in 'Bibb' and 'Jian Wo' than in other cultivars, the MMYs for 'Bibb' and 'Jian Wo' were not the lowest in winter. On the contrary, the MMY of 'Jian Wo' and 'Jhih Li Wo' was ranked second highest among all cultivars studied under winter conditions, following Batavia lettuce 'Fu San'. Likewise, the lowest MMY in winter was obtained in leaf lettuce 'Huang Wo' due to it having the lowest relative MMY increase in winter among all cultivars studied, although 'Huang Wo' MMY was not the lowest in summer. 'Huang Wo' DMMY showed similar trends.
Among all cultivars studied, the DMMY in 'Fu San' was significantly higher than in other cultivars over two seasons. 'Bibb' exhibited the lowest DMMY in summer, and the difference was significant except in comparison with leaf lettuce 'Bai Yeh Wo', 'Chien Yeh Wo', and 'Yuan Yeh Wo'. DMMY in 'Chien Yeh Wo' was also significantly lower in winter than all other cultivars except for 'Huang Wo'. 'Bai Yeh Wo' had the highest GRBHD in summer, which was significantly different from other cultivars except 'Jhih Li Wo' and 'Fu San' (Table 3) . In winter, GRBHD also differed significantly among cultivars, the highest being in 'Fu San' and the lowest in 'Huang Wo'. The highest GRBHD in 'Bai Yeh Wo' resulted in its higher MMY than other leaf lettuce cultivars in summer, although its DMMY was ranked among the lowest. Thus, besides DMMY, the GRBHD of lettuce plants was another factor dominating yield. Consequently, the highest DMMY and GRBHD Asterisks denote significant differences among cultivars at P # 0.05 according to one-way analysis of variance and bars represent least significant difference value according to Fisher's least significant difference test at P # 0.05, within sampling dates.
resulted in the highest MMY being in 'Fu San' among all cultivars studied over two seasons and the lowest DMMY and GRBHD resulted in the lowest MMY in 'Huang Wo' among all cultivars studied under winter conditions. The optimum growing temperature for lettuce is 18.5°C, and flower initiation generally occurs between 21 and 27°C (Wallace et al., 2012) . The transition to flowering in lettuce begins with rapid elongation of the stem as a result of increasing daylength and temperature (Dufault et al., 2006; Waycott, 1995) . In this experiment, winter was characterized by cooler temperatures and shorter daylengths, suitable for lettuce growth. In contrast, summer heat and long days resulted in low MMY in all cultivars studied. Although the lowest yields per plant were produced in summer, lettuce retained its local marketability because of the shortage of green leafy vegetables in summer (unpublished data). Due to fewer DMMY and greater uprightness in all leaf lettuce landraces studied, higher plant density was usually adopted to increase local lettuce yields in summer. Therefore, leaf lettuce landraces were the main types of lettuce cultivated in high tunnels in summer, excluding Batavia lettuce 'Fu San' and romaine lettuce 'Jhih Li Wo'. In addition, among the nine cultivars studied, Batavia lettuce 'Fu San', romaine lettuce 'Jhih Li Wo', and leaf lettuce 'Bai Yeh Wo' were more adaptable to summer conditions. Batavia lettuce 'Fu San' and romaine lettuce 'Jhih Li Wo' exhibited higher MMY and DMMY than butterhead and leaf lettuce ( Fig. 1; Table 3 ). Romaine and leaf lettuce showed higher plant growth rate during the initiation period of plant growth than butterhead and Batavia lettuce; however, Batavia lettuce 'Fu San', as well as romaine lettuce 'Jhih Li Wo', exhibited the highest GRBHD. Therefore, the fact that individual cultivars possess differing expressions of beneficial yield traits suggests that the improvement of MMY and GRBHD in lettuce cultivars is feasible and would be efficient via hybridization between different types of lettuce.
Lettuce is a quantitative long-day plant (Bremer, 1931) , with rapid stem elongation following the transition from vegetative to reproductive growth being induced by high temperatures (Fukuda et al., 2009; Thompson and Knott, 1933) and long photoperiods (Bremer, 1931; Rappaport and Wittwer, 1956a; Waycott, 1995; Wiebe and King, 1985) . In this experiment, the responses of MMY in cultivars to planting seasons, which combine the effects of temperature and photoperiod, varied significantly. Therefore, subsequent experiments were executed to examine the contributions of these factors Table 3 . Maximum marketable yield (MMY), days to harvest for maximum marketable yield (DMMY), growth rate before harvest day for maximum marketable yield (GRBHD), and Pearson's correlation coefficient (r) between MMY and DMMY in each lettuce cultivar during summer (S) and winter (W) in high tunnels. Mean ± SE (n = 4). Means followed by the same uppercase letter(s) within a column and means followed by the same lowercase letter(s) within a row are not significantly different at P # 0.05 according to Fisher's least significant difference test.
to the MMY in each cultivar and separate the effects of temperature and photoperiod. In addition, Pearson's correlation coefficients (r) show a highly significant positive correlation between DMMY and MMY in all cultivars (Table 3) . Therefore, the evaluation of DMMY in lettuce plants could generally be used to infer MMY responses in plants of the same cultivar. Feasibility of integrating plant growth characteristics for developing a new cultivar for high-tunnel use. The daily aboveground fresh weight of 'Taoyuan No.3' was consistently higher than that of its parents during the entire period of vegetative growth, and the GRBHD in 'Taoyuan No.3' was higher than in 'Fu San' (Fig. 2) . A breeding program must start with an assessment of existing genetic variation in the germplasm to find the sources of beneficial traits (Lafta and Mou, 2013; Mou, 2005) . Genotypes assessed as having desired traits could be used as parents to develop superior cultivars. The above-described experiment indicated that Batavia lettuce 'Fu San' possesses the highest MMY but the lowest growth rate during the initial period of plant growth. Thus, our studies provide evidence that introducing the high growth rate trait during the initial period of plant growth from romaine lettuce 'Jhih Li Wo' to the high yielding Fu San cultivar is feasible for developing a new cultivar with early maturity and high yields.
Contributions of temperature and daylength to yield and growth. Our analysis revealed that lettuce plant DMMY was significantly influenced by temperature, daylength, cultivar, and their interactions (Table 4 ). The sum of squares (SS) in treatments was proportioned to 60.2% of temperature SS, 5.9% of daylength SS, and 20.7% of cultivar SS. A large variation explained by temperature suggests that the effects of temperature on lettuce plant DMMY is stronger than other factors. The impact of temperature on lettuce plant DMMY is also reflected in the significant interactions between cultivars and daylength.
The effect of daylength on lettuce plant DMMY for nine individual cultivars in eight successive planting seasons representing various temperature treatments is shown in Fig. 3 . Lettuce plant DMMY under most temperature regimes was the longest in SD treatments for all cultivars, and the difference was significant except for Batavia lettuce 'Fu San'. The differences in DMMY among daylength treatments for nine individual cultivars showed a decreasing trend from low temperatures to high temperatures, indicating a stronger effect of daylength on DMMY under low-temperature regimes.
The DMMY of each cultivar during each season in the first year was longer than in the second year due to lower temperatures during the first year (Fig. 3) . Daily temperature data collected at the experimental site with data loggers during the experiments (Fig. 4) shows that temperature patterns varied greatly and with large fluctuations among the four seasons. For the same season between two successive years, temperatures were lower in the first year than in the second.
Batavia lettuce 'Fu San' consistently exhibited the highest DMMY among all cultivars studied under same daylength and temperature conditions. The ranking order of other cultivars was influenced intricately by the interaction of temperature and daylength. Therefore, multiple regression analysis (Neter et al., 1989) was used to analyze the relationships between these factors and DMMY.
Multiple regression equations were solved to explain the correlations of temperature and daylength to DMMY on the basis of means collected for all nine lettuce cultivars ( Table 5) . The proposed models were highly significant and successfully accounted for 72% to 91% of the total variation in DMMY expressed as coefficients of multiple determinant (R 2 ) for each cultivar. The remaining 9% to 28% could be due to measurement errors, random errors, and/or other factors besides temperature and daylength. Temperature and daylength significantly and negatively contributed to DMMY in all cultivars studied except for the effect of daylength on DMMY in 'Fu San', indicating that a higher temperature or longer day resulted in shorter DMMY. Reduced DMMY and lower yields are caused by rapid stem elongation when lettuce is grown under flower-inducible conditions (Jenni and Yan, 2009; Lee et al., 2003; Nothmann, 1977) . For Batavia lettuce 'Fu San', the contribution of daylength to DMMY in lettuce plants was not significant, indicating that daylength only slightly influenced 'Fu San' DMMY. However, this is inconsistent with studies reported by Waycott (1995) in which photoperiod but not temperature is characterized as the critical mediator of lettuce growth rates. Waycott (1995) also reported a range of genetic responses to various daylengths among lettuce genotypes, which might explain the present results. In addition, the relative contributions of temperature and daylength to DMMY in lettuce plants differed among cultivars. As revealed by the standardized partial regression coefficients (Table 5) , the contribution of temperature to DMMY in lettuce plants was higher than that of daylength in all cultivars, indicating that the response of DMMY was more sensitive to temperature swings. Thus, breeding high-temperature-tolerant cultivars with late bolting is a high priority for mitigating the effects of global warming and climate changes. The relative contributions of temperature and daylength toward DMMY in leaf lettuce 'Huang Wo' were similar to those in leaf lettuces 'Jian Wo', 'Chien Yeh Wo', and 'Yuan Yeh Wo', and the difference between the contributions of temperature and daylength was small. The relative contributions of temperature and daylength to DMMY in leaf lettuce 'Bai Yeh Wo' were similar to that in leaf lettuce 'Grand Rapids TH', butterhead lettuce 'Bibb', romaine lettuce 'Jhih Li Wo', and Batavia lettuce 'Fu San', and the difference between the contribution of temperature and daylength was large. The contribution of daylength to DMMY in most Taiwan landraces was greater than in non-Taiwan leaf cultivars, indicating that leaf lettuce landrace yields were more sensitive to daylength except for 'Bai Yeh Wo'.
Four cultivars were raised in growth chambers to verify the effects of temperature and daylength on lettuce stem growth. Stem growth was faster at higher temperatures, and long days decreased the differences in stem growth rates among temperature regimens for all cultivars. On the other hand, the effects of daylength on stem elongation under lowtemperature regimes were stronger than under high-temperature regimes (Fig. 5) . In Table 5 . Multiple regression analysis using general linear models (GLMs) for the correlation between two weather factors (DL, daylength; T, temperature) and days to harvest for maximum marketable yield (DMMY) in nine lettuce cultivars grown in high tunnels. addition, among the four cultivars studied, 'Fu San' alone or with some of the other cultivars had the highest DMMY under all regimes, consistent with the results of the high-tunnel experiments. Similarly, the DMMY was significantly influenced by interactions among temperature, daylength, and cultivar (Table 6 ). The largest proportion of variation was explained by temperature, followed by cultivar and daylength. Altogether, the growth chamber experiment confirmed the results of the high-tunnel experiments.
The interactions between genotype and environment influence lettuce plant growth (Dufault et al., 2006; Jenni and Yan, 2009) . Among the environmental factors, regional climate likely plays a critical role in determining the marketable yields of lettuce (Wallace et al., 2012) . Furthermore, temperature is the most important environmental factor for lettuce growth (Bierhuizen et al., 1973; Rader and Karlsson, 2006) . These previous studies were supported by the results of our experiments. The correlation between the number of days required for the nine studied lettuce cultivars to grow to their MMY vs. temperature and daylength was determined. Lettuce growers might be better able to predict DMMY by using our multiple regression equations, depending on climatic conditions.
In conclusion, our studies demonstrate the growth characteristics of nine local commonly grown lettuce cultivars and suggest that Batavia lettuce 'Fu San', romaine lettuce 'Jhih Li Wo', and leaf lettuce 'Bai Yeh Wo' are the most suitable cultivars for summer production. Meanwhile, using landraces with desired traits as parental materials, a new high-yielding cultivar, Taoyuan No.3, was developed via intertype crossing. In addition, the relationships between weather factor, temperature, and daylength, and DMMY in lettuce plants were determined by multiple regression analysis. The equations might help growers choose lettuce cultivars according to climatic conditions and predict the number of days for lettuce cultivars to reach their MMY when grown in high tunnels within subtropical regions. Multiple regression can serve as a reference for setting growing temperatures and daylengths for the more efficient cultivation of lettuce in plant factories. Moreover, since the DMMY in all cultivars studied was more sensitive to temperature swings, there is a high priority for breeding hightemperature-tolerant cultivars with late bolting characteristics to mitigate the effects of global warming and climate changes. Our results provide farmers with useful information on production practices and could be beneficial for lettuce production not only in Taiwan but also in other subtropical regions.
